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[57] ABSTRACT

Valve assemblies are provided which comprise a hous-
ing having a common port and n penpheral ports,
where n is an even integer greater than or equal to 4.
The valve assemblies further comprise a valve plug
contained within the housing. The valve plug comprises
a distribution channel capable of fluid communication
with the common port and at least one of the peripheral
ports, and (n/2)—1 switching channels capable of fluid
communication with at least two of the penpheral
ports.

26 Claims, 15 Drawing Sheets
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APPARATUS FOR MULTI-PATH FLOW
REGULATION

BACKGROUND OF THE INVENTION

This invention relates to the regulation of fluid flow
and, more particularly, to the switching of fluid flow
between multiple discrete paths by means of a single
valve assembly.

Instruments which rely upon regulated fliid flow are
commonly employed in a wide variety of applications,
such as sample purification, chemical analysis, clinical
assay, and industrial processing. Such instruments typi-
cally function through either continuous or pulsed fluid
flow. It will be appreciated that a pulsed-flow instru-
ment is any device which operates by alternately main-
taining and halting or reversing a flow stream through
the device. This may be accomplished by combinations
of valves and/or pumps to first initiate the flow and
then stop or reverse it.

Very often, pulsed-flow devices require multiple
flow paths to operate efficiently. Generally, efficient
operation requires combining flow-through compo-
nents, such as sorbent columns and connective tubing,
with terminal components, such as needles, pumps, and
drains. Examples of pulsed-flow devices include labora-
tory water purification systems, syringe-type reagent
dispensers, manual and automated solid phase extrac-
tion (SPE) instruments, supercritical flmd extraction
(SCF) instruments, stopped-flow spectrophotometers,
automated protein or nucleic acid sequencers and solid
phase protein or nucleic acid synthesizers.

Pulsed-flow instruments can be contrasted with con-
“tinuous-flow devices which during their normal opera-
tion require a constant, unidirectional flow. Continu-
ous-flow instruments also require different flov’ config-
urations to prime the system during set up or to perform
different methods of analysis. Examples of continuous-
flow systems include high pressure liquid chromato-
graphs (HPLC), gas chromatographs (GC), climcal
analyzers, and flow-injection analyzers.

For both pulsed- and continuous-flow systems, at
least two different flow paths are frequently required to,
for example, isolate a component from the flow system,
attach a component into the flow system, or rearrange
the order of the components in the flow system. For
many systems, three or more unique flow paths are
necessary for optimum operation.

It is known that combinations of commercially avail-
able valves can be arranged to provide an infinite num-
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outer face and a plurality of peripheral ports (13) extend
radially through the sleeve. The valve assemblies fur-
ther comprise a circular valve plug (20) contained
within the housing, having a a body (22) which has an
end face (21) and a lateral face (23). Distribution valve
assemblies—such as shown in FIGS. 1 and é6—have a
circular, pore-like distribution channel (24) contained
substantially within the body. Switching valve assem-
blies—such as shown in FIGS. 2 and 7—have semi-cir-
cular or square grooved switching channels (26) on the
lateral face. |
Another class of radial valve assemblies, depicted in
FIGS. 8-13, are available from the Valco Corporation

- (Houston, Tex.). The valve assemblies comprise a hous-
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ber of flow paths among the flow-through components |

and terminal components employed in a flow system.
There exists the practical problem, however, of con-
necting the large number of valves required for some
flow path combinations, especially when minimum vol-
umes within the flow system are desirable. Another
problem involves properly orienting all of the valves so
as to allow the desired flow path. It will be appreciated
that as additional valves are added to the flow system,
solutions to both of these problems both more expensive
and complex.

Rotary valve assemblies having more than two flow
paths are available in a large variety of configurations.
For example, radial valve assemblies such as depicted in
FIGS. 1-7 are available from the Hamilton Corporation
(Reno, Nev.). The valve assemblies comprise a housing
(10) which comprises an outer face (11) and a sleeve
(12). A common port (14) extends axially through the
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ing (50) which comprises an outer face (51) and a sleeve
(5§2). A common port (84) and a plurality of peripheral
ports (53) extend radially through the sleeve. The valve
assemblies further comprse a conical valve plug (60)
contained within the housing, having a body (62) which
has an end face (61) and a lateral face (63). Distnbution
valve assemblies—such as shown in FIGS. 8, 11, and
12-—have a semi-circular or square grooved distribution
channel (64) on the lateral face having an axial compo-
nent (64a) and a radial component (645). Switching
valve assemblies—such as shown in FIGS. 9 and 13—-
have semi-circular or square grooved switching chan-
nels (66) on the lateral face.

An axial valve assembly such as depicted in FIGS.
14-18 is available from the Rheodyne Corporation
(Cotati, Calif.). The valve assembly comprises a housing
(70) which comprises a sleeve (72) and an outer face
(71) in the form of a plate. The outer face comprises a
common port (74) and a plurality of penpheral ports
(73) extending axially through the entire thickness of
the outer face. The valve assembly further comprises a
circular valve plug (80) contained within the housing,
comprising a body (88) having an end face (86). Distn-
bution valve assemblies comprise semi-circular distribu-
tion channels (82) on the end face, while switching
valve assemblies comprise switching channels (84) on
the end face.

Most commercially-available rotary valves are either
distribution type valves or switching (loop) type valves.
Distribution valves are characterized by having a single
distribution channel which can be turned or otherwise
manipulated to connect the common port and any one
of the peripheral ports in a point-to-point configuration.
Thus, a distribution channel is capable of fluild commu-
nication with both the common port and one of the
peripheral ports. The number of unique plug orienta-
tions for a distribution valve is determined by the num-
ber of peripheral ports the valve assembly comprnses in
addition to the common port. Peripheral ports not con-
nected to the common port are usually excluded from
the flow system. Hence, for each unique orientation of
the valve plug only a single unique flow path is allowed.

Switching valves are characterized by providing
internal connections between multiple, different sets of
valve ports. Switching valves have switching channels
which can be manipulated to connect two or more
peripheral ports. Thus, a switching channel is capable of
fluid communication with two or more peripheral ports.
Typically, at least one terminal or flow-through compo-
nent is connected to a switching valve at two peripheral
ports. Fluid should flow from one peripheral port of the
switching valve to the component and then from the
component to the other peripheral port. As a result,
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components connected to switching valves have mark-
edly different flow path depending on the valve onenta-

tion. Generally, switching valves contain half the num- .

ber of internal channels as they have valve ports. The
channels are symmetnically arranged so that only two
unique positions of the plug are established. However,
for each unique orientation of the valve plug, multiple
flow paths through the valve may be allowed.

Combinations of distribution and switching valves
are frequently used in pulsed- and continuous-flow sys-
tems to create a large variety of flow paths. However,
multiple valve implementations involve a large number
of external connections which increases the complexity,
expense, and physical volume of the flow system. The
complexity of such systems also introduces reliability
concerns. Also, since these flow systems are typically
automated, greater reliability and lower complexity are
critical for successful instrument development.

Few examples are available in which a single valve
exhibits properties of both a switching valve and a dis-
tribution valve. One example is the stream selection
valve depicted in FIG. 19, which is available from the
Valco Corporation. The purpose of this valve is to
divert a single stream to a common outlet while main-
taining flow in all the other streams. However, this
valve requires 2n+1 ports to achieve a number, n,
unique flow paths. It would be of great advantage to
provide a valve assembly having fewer ports yet capa-
ble of providing more flow paths.

SUMMARY OF THE INVENTION

The present invention provides novel valve assem-
blies which comprise a housing having a common port
and n peripheral ports, where n iIs an even integer
greater than or equal to 4. The valve assemblies further
comprise a valve plug contained within the housing.
The valve plug comprises a distribution channel capable
of fluid communication with the common port and at
least one of the peripheral ports, and (n/2)— 1 switching
channels capable of fluid communication with at least
two of the peripheral ports.

The onentation of the channels on the plug is such
that when the distribution channel of the plug is aligned
with one of the peripheral ports of the housing, the
switching channels each internally connect a unique
pair of peripheral ports. Further, only n— | peripheral
ports are in communication with the distribution or
switching channels at one time; the remaining port is
blocked from the internal flow channels in the valve.

The present invention also provides systems for the
regulation of fluid flow. The systems comprise at least
one terminal component, a valve assembly according to
this invention in fluid communication with the terminal
component, and at least one flow-through component in
fluid communication with the valve assembly. Different
orientations of the valve plug within the housing allow
for the isolation of terminal and/or flow-through com-
ponents from the flow system, the attachment of termi-
nal and/or flow-through components into the flow
system, and the rearrangement of the flow-through
components in the flow system.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is an exploded perspective view of a radial
6-port distribution valve assembly according to the
prior art.
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FIG. 2 1s an exploded perspective view of a radial
6-port switching valve assembly according to the prior
art.

F1G. 31s a bottom view of the radial valve assemblies
of F1G. 1 and FIG. 2.

FI1G. 4 i1s a cross-sectional view of the radial distribu-
tion valve assembly of FIG. 1, taken at line X—X.

FI1G. 5 1s a cross-sectional view of the radial switch-
ing valve assembly of FIG. 2, taken at line X—X.

FIG. 6 1s cross-sectional view of the radial distribu-
tion valve assembly of FIG. 1, taken at line Y—Y.

FIG. 7 i1s cross-sectional view of the radial switching
valve assembly of FIG. 2, taken at line Y—Y.

FIG. 8 i1s an exploded perspective view of a radial
6-port distnbution valve assembly according to the
prior art.

FIG. 9 1s an exploded perspective View of a radial
6-port switching valve assembly according to the prior
art.

FIG. 10 i1s a bottom view of the radial valve assem-
blies of FIG. 8 and FIG. 9.

FIG. 11 1s a cross sectional view of the radial distribu-
tion valve assembly of FIG. 8, taken at line X—X.

FI1G. 12 is a cross-sectional view of the radial distri-
bution valve assembly of FIG. 8, taken at line Y—Y.

F1G. 13 1s a cross-sectional view of the radial switch-
ing valve assembly of FIG. 9, taken at line X—X.

FIG. 14 1s an exploded perspective view of an axial
6-port valve assembly according to the prior art.

FIG. 15 is a top view of the axial valve assembly of
FIG. 14. |

F1G. 16 i1s a bottom view of the axial valve assembly
of FIG. 14.

FIG. 17 1s a top view of the plug end face of an axial
6-port distribution valve assembly according to the
prior art.

FIG. 18 is a top view of the plug end face of an axial
6-port switching valve assembly according to the prior

art.

FI1G. 19 1s a diagrammatical representation of a radial
stream selection valve assembly according to the prior
art.

FIG. 20 1s a radial, 6-port valve assembly according
to the present invention.

FIG. 21 1s a cross-sectional view of the radial valve
assembly of FIG. 20, taken at line Y—Y.

FIG. 22 is a radial, 6-port valve assembly according
to the present invention.

FIG. 23 1s a cross-sectional view of the radial valve
assembly of FIG. 22, taken at line X—X.

FIG. 24 1s an axial, 6-port valve assembly according
to the present invention.

FIG. 25 1s a top view of the plug end face of the axial
valve assembly of FIG. 24. |

FIG. 26 depicts a flow system according to the pres-
ent invention, comprising an axial 4-port valve assem-
bly.

FIGS. 27a-27d show possible plug orientations for a
flow system corresponding to the system depicted in
F1G. 26, comprising a radial 4-port valve assembly in
place of the axial 4-port valve assembly.

FI1G. 28 depicts a flow system according to the pres-
ent invention, comprising an axial 6-port valve assem-
bly.

FIGS. 294-29f show possible plug orientations for a
flow system corresponding to the system depicted in
FIG. 28, comprising a radial 6-port valve assembly in
place of the axial 6-port valve assembly.
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FI1G. 30 depicts a flow system according to the pres-

ent invention, comprising an axial 8-port valve assem-

bly.

FI1GS. 314-314d and 324-32d show possible plug ori-
entations for a flow system corresponding to the system
depicted in FIG. 30, compnising a radial 8-port valve
assemnbly in place of the axial 8-port valve assembly.

DETAILED DESCRIPTION OF THE
INVENTION

Preferred valve assemblies according to the present
invention are depicted in FIGS. 20, 22, and 24. The
valve assemblies of FIGS. 20 and 24 are particularly
preferred. The valve assemblies comprise a housing (10,
50, or 70), which preferably comprises a sleeve (12, 52,
or 72) attached to an outer face (11, 51, or 71). Housings
can be fabricated from a wide variety of matenals. It i1s
preferred that housings comprise stainless steel and/or
an organic polymer which is inert to the fluids regulated
bv the valve. Exemplary inert polymers are aramid
polymers, acetal resins, and poly(tetrafluoroe-
thylene)—such as available from the DuPont Company
(Wilmington, Del.) under the tradenames Kevlar, Del-
rin, and Teflon, respectively—and poly(chlorotn-
fluoroethylene), such as available from the 3M Com-
pany (Newark, N.J.) under the tradename Kel-F. Poly(-
tetrafluoroethylene) and poly(chlorotrifluoroethylene)
are preferred inert polymers.

The housing preferably comprises a common port
(14, 54, or 74) and peripheral ports (13, 53, or 73). It will
be appreciated that a common port is a port capable of
fluid communication with each other port of the valve
assembly, depending upon the orientation of the valve
plug. Common ports preferably occupy a central loca-
tion on the housing and, in turn, on the valve assembly.
Peripheral ports are those ports other than the common
port. Preferably, the peripheral ports are equally-spaced
about the common port at the periphery of the housing.
The common and peripheral ports are thus contained in
the sleeve and/or the outer face.

The housings of this invention comprise n peripheral
ports, where n is an even integer greater than or equal
to 4. Preferably n is 4, 6, 8, 10, or 12. More preferably,
nis 4, 6, or 8. Even more preferred are housings
wherein n is 6. Valve assemblies wherein the housing
comprises 6 peripheral ports are known as 6-port valves
or 6-port valve assemblies.

Contained within the housing and in close physical
contact therewith is a circular valve plug (20, 60, or 80)
having a body (22, 62, or 88) which has an end face (21,
61, or 86) and a lateral face (23, 63, or 87). Valve plugs
can be fabricated from a wide variety of materials. Pre-
ferred valve plugs comprise an organic polymer which
is inert to the fluids regulated by the valve, as set forth
above. |

As exemplified by FIGS. 20-25, the valve plugs of
this invention comprise a distribution channel (24, 64, or

82) and (n/2)—1 switching channels (26, 66, or 84). It -

will be appreciated by those skilled in the art that sut-
able channels for regulating fluid flow can have a wide
variety of shapes and configurations. It is preferred that
channels be configured such that there exists no axial
plane of symmetry passing through the end face of the
valve plug. It will be appreciated that such an asymmet-
ric channel configuration avoids flow path duphcation.
Preferred valve plugs comprise circular, pore-like chan-
nels within the body of the valve plug, semi-circular or
square grooved channels on the end face or lateral face
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of the valve plug, or combinations thereof. The chan-
nels can be created by any of the mechanical and/or
chemical methods known in the art;, such as etching,
dnlling, molding, or stamping.

The valve assemblies of the present invention are
preferably one component in systems for the regulation
of fluid flow. The flow systems preferably comprise a
terminal component in fluid communication with the
valve assembly. It will be appreciated that a terminal
component is any apparatus or device connected by
tubing, piping, or other suitable means to the valve
assembly by a single peripheral port of the valve assem-
bly. Thus, fluid pumps, needles, canulas, detectors, tub-
ing, sorbent columns, solid phase support resins, filters,
sample loops, and waste drains provide examples of
terminal components.

Preferred flow systems further comprise a flow-
through component. Flow-through components in-
clude any apparatus or device connected by tubing,
piping, or other suitable means to the valve assembly by
more than one penpheral port of the valve assembly.
Tubing, sorbent columns, solid phase support resins,
filters, sample loops, detectors, sample injection valves,
and valving flow systems provide examples of flow-
through components. Valve assemblies according to the
present invention preferably meet the following crite-
ria. They should be in a flow-allowed position when the
distribution channel of the valve plug 1s aligned with
any of the peripheral ports. They should contain exactly
three port connections to terminal components of the
flow system. They are preferably connected with at
least one terminal component in a manner which allows
flow either into or out of a channel aligned with the
terminal component. Preferably, a terminal component
is connected to the common port of the distribution
channel of the valve. The valve assembly should also
contain n-—2 port connections to flow-through compo-
nents of a flow system. Each flow-through component
should be connected at two ports of the valve to pro-
vide a flow path between these two ports. The number
of flow-through components is therefore (n/2)-—1. Ad-
ditionally, the two ports connected to a flow-through
component preferably are not adjacent one another.

A flow system containing a valve assembly which
meets these criteria will have at least one configuration
of components having all of the following beneficial
characteristics. Thus, the configuration will allow n
unique flow paths which each join exactly two of the
terminal components. A flow path is considered to be
the path which includes the ports, channels and flow-
through components which are in fluid communication
with the two terminal components when the valve as-
sembly is positioned in a flow-allowed orientation.

In such a flow system, only one flow path will be
allowed for each unique flow-allowed orientation. The
path connecting the third terminal component and any
flow-through components will be terminated at the
blocked port of the valve. The component connected to
the common distribution port will be included as a ter-
minal component in each possible flow path.

Also, the number of flow-through components in-
cluded in a given flow path will range from zero to the
maximum number of flow-through components. Ex-
actly two flow paths will directly connect terminal
components with no intervening flow-through compo-
nents.

Additionally, two flow paths will include all flow-
through components. The order of the flow-through
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components in the two flow paths will be reversed with
respect to the terminal component connected to the
common port. Further, the terminal component con-
nected to a peripheral port will be different in each of
these flow paths. 5

FIGS. 294-29/ illustrate a valve configuration for a
6-port valve with three terminal components—the
pump (102), needle (104 or 10§) and waste (106) posi-
tions—and two flow-through components—a sample
loop (108) and sorbent column (110). This valve config-
uration is an example which exhibits the characteristics
stated above. FIGS. 274a-27d and F1GS. 314-31d and
32a-324 display 4-port and 8-port valves respectively
configured according to the above rules. The set of
unique flow paths for each configuration are displayed 15
to the nght of each flow-allowed orientation of the
valve.

The advantages of the valve flow systems of the
present invention include the reduction of external con-
nections between valves by use of a single valve for 20
flow path selection. External connections undesirably
increase the volume of the flow system. Another advan-
tage is that flow paths not connected to the distribution
channel are dead-ended to prevent uncontrolled flow.

A further advantage of the present invention is that
multiple valves need not be coordinated and monitored
as with prior art systems. This results from all paths
being switched simultaneously by a single turn of the
valve plug. Also, considerable cost savings and lowered
rehability concerns are recognized by reduction of the
number of valves and actuators necessary to achieve
multiple flow paths. Fewer valves also reduces the
complexity of a flow system, which i1s desirable for
automation of the stream selection procedure.

Additional objects, advantages, and novel features of 35
the present invention will become apparent to those
skilled in the art upon examination of the following
examples thereof, which are not intended to be limiting.

EXAMPLE 1

A syringe pump is a common analytical instrument
which is capable of aspirating and dispensing fluids.
Syringe pumps are therefore useful for diluting samples,
adding measured amounts of chemical reagents, trans-
ferring bulk quantities of reagent to small containers, or 45
transferring fluids between two small containers.

Accurate dispensing of small volumes of reagent
requires that the transfer line between the pump syringe
and the needle, canula, tubing end or other type of
dispensing tip be filled with an incompressible fluid. 50
Generally, this fluid is also the reagent to be dispensed.
For expensive reagents, it is desirable to minimize the
volume of the transfer line, since any reagent remaining
in this tubing 1s often flushed to a waste receptacle when
a new reagent is required.

However, aspiration is commonly performed by pro-
viding a transfer line between the pump and needle. The
transfer line preferably has sufficient volume to contain
the aspirate, thus avoiding contamination of the syringe
in the pump. During aspiration, the needle typically is
lowered into the solution to be sampled and the syringe
pump is drawn back to draw the solution into the sam-
ple loop. The aspirate may then be transferred to a
second container by replacing the original solution con-
tainer with a different container beneath the needle. A
more desirable process would transfer the sample from
the loop to a container positioned beneath a second
needle. The advantage of such a process is that fewer
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container movements would be necessary to effect the
transfer. Thus, a conflict occurs between the need for a
minimum-volume transfer line for dispensing and the
need for large volume transfer line for aspirating.

FI1GS. 27a-27d demonstrate a 4-port flow configura-
tion employing the present invention. The four dia-
grams display the flow patterns available at each of the
four unique positions of the valve. FIGS. 27a and 27¢
demonstrate configurations suitable for minimum vol-
ume dispensing to needle (104) and needle (108), respec-
tively. FIGS. 27b and 274 demonstrate configurations
suitable for aspiration.

The four flow paths of FIGS. 27a-27d provide signif-
icantly enhanced performance of the dispenser/aspira-
tor functions of the pump (102). First, the paths provide
for the two independent functions of low-volume dis-
pensing and aspiration under optimum conditions. Sec-
ond, these functions can be duplicated at two different
needles (104 and 105) which may be remote from one
another. Finally, since the two needles share the same
sample loop, transfers of fluid between the needles is
possible without contamination of the syringe. While
each of these functions is individually available by
means of valve arrangements according to the prior art,
no single prior art valve configuration provides all four
flow patterns in a 4-port valve.

EXAMPLE 2

An analysis of desired flow paths for a solid phase
extraction (SPE) device has been performed in which
the device functions not only as an SPE device, but also
as a dispenser. Six desired flow paths are shown in
FIGS. 29a-29f.

FIG. 292 demonstrates a direct connection between
the pump (102) and the needle (104). This path would be
used in dispensing small volumes of reagent accurately,
or 1n washing the needle.

FIG. 2956 shows a path which connects the pump
(3102) to the needle (104) through a sample loop (108).
This path is used for aspiration of sampies from vials
into the sample loop for later transfer to either the SPE
cartridge or another vial.

The path shown in FIG. 29¢ allows flow from the
pump (102) through the sample loop (108), through an
SPE column (110), and then to the needle (104). This
path is used for applying a sample stored in the sample
loop onto the SPE column.

The path shown in FIG. 294 bypasses the sample
loop (108) and flows directly from the pump (102)
through the column (110) to the needle (104). This path
solves the problem of the long lead volume between the
pump and the column. Column conditioning, washing,
and elution of the analyte would be done by this path.
Also, this path eliminates the need to load the sample
only after the column is conditioned, since sample may
be stored i1n the sample loop while other functions are
occurring.

FI1G. 29¢ shows a path which flows from the pump
(102) to waste (106). This path allows for changing
solvents in the syringe without having to remove vials
from under the needle (104). Note that the position
referred to as ‘“‘waste” could also be a needle on a re-
mote dispenser.

The path shown in FIG. 29/ flows from the pump
(102) in the reverse direction through the column (110),
through the sample loop (108), and then to waste (106).
This path allows backflushing of the column into the
sample loop. Backflushing allows the sample to be re-
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moved from the column with a minimum amount of
solvent. Setting the path to the sample loop allows the

fraction to be retained either for delivery to a vial or to

a second SPE column for multiple column extraction
methods. This permits multi-column extractions with-
out the need for an intermediate vial.

In analyzing the flow patterns in FIGS. 294-29/, a
pump should always be connected to the common port
to achieve the six illustrated configurations. Also, it 1s
desirable to prevent uncontrolled flow to the compo-
nents by closing all flow paths which are not connected
to the pump. These requirements appear to suggest that
the valve must have properties of distribution valve
having at least 6 peripheral ports. However, further
examination indicates that the flow patterns must be
more than just point-to-point connections, since four
items (SPE column (110), sample loop (108). needle
(104), and waste (106)) must be connected in six differ-
ent combinations. Such connectivity is one property of
a selection valve. |

Thus, the valve assembly shown in FIGS. 29a4-29/ 1s
a hybrid of prior art switching and distribution valves.
This valve has six unique flow orientations. Each orien-
tation consists of the distribution channel connecting
the common axial port to one peripheral port. Two
pairs of peripheral ports are connected internally by the
remaining channels and the final peripheral port is

sealed against flow.
A flow system such as shown in FIGS. 294-29/ offers

a number of advantages. For example, the system
achieves bidirectional positive hydraulic displacement
flow through the column bed. The column (110) may be
backflushed to elute sample in the minimum volume,
such as shown in FIGS. 29¢, 294, and 29/

Another advantage is the provision of a direct path
from pump (102) to waste (106) for exchanging solvents
within the syringe without disturbing the rest of the
flow system. This path i1s shown in FIG. 29e.

A further advantage is the provision of a low volume
elution path to needle (104), such as shown in FIG. 294,
wherein both flow rate and elution volume are better
controlled.

Another advantage is that the flow system provides
intermediate sample loop (108) storage of eluent. This 1s
desireable for multi-column cleanup. The path shown in
FIG. 29/ does not require an intermediate vial, thus
reducing the number of vials required.

Also, sample loop loading, shown in FIG. 295, need
not follow column conditioning, which ts shown 1in
FIG. 294. That is, a column (110) may be conditioned
while sample is already in the loop (108).

The flow system additionally has a low volume dis-
pensing path, shown in FIG. 294, which reduces the
amount of rinsing required. This 1s desirable for expen-
sive reagents. The high volume aspiration path shown
in FIG. 295 protects the syringe.

EXAMPLE 3

FIGS. 294-29f demonstrate the six flow paths avail-
abie to a 6-port valve assembly according to the present
“invention. If the sample loop (108) and the needle (104)
in this figure are respectively replaced by a second
column and a detector, the resulting flow system is
suitable to serve as an HPLC flow system having auto-
mated purge and column switching path selection. The
choice of flow paths provides a user the choice of con-
figuring the system for constant use or for switching
between flow paths without disconnecting components.
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At least one of the flow paths shown in FIGS.
29a-29f also connects directly to waste (106). This 1s
important, since HPLC pumps generally must be
primed to flow paths with very low back pressure. The
introduction of bubbles into the pump head may require
re-pniming during normal operation, which would nor-
mally require manual disconnection of one of the com-
ponents or the addition of valves to allow this low back
pressure path.

EXAMPLE 4

FIGS. 31a-31d and 324-32d demonstrate an 8-port
valve according to the present invention. Here, three
terminal components—A, E, and F—as well as three
flow-through components—B, C, and D—are config-
ured into the flow system. The resulting flow paths
demonstrate the variety of combinations in which the
components may be ordered in the flow system.

Those skilled in the art will appreciate that numerous
changes and modifications may be made to the pre-
ferred embodiments of the invention and that such
changes and modifications may be made without de-
parting from the spirit of the invention. It 1s therefore
intended that the appended claims cover all such equiv-
alent variations as fall within the true spirit and scope of
the invention.

What 1s claimed 1s:

1. A valve assembly for the regulation of fluid flow,
comprising: |

a housing comprising a common port and n periph-

eral ports, wherein n is an even integer at least

equal to 4; and

a valve plug positioned to rotate within the housing,

comprising:

a distribution channel capable of fluid communica-
tion with the common port and each or the pe-
ripheral ports upon rotation of the valve plug;
and

(n/2)—1 switching channels, each switching chan-
nel capable of simultaneous fluid communication
with at least two of the peripheral ports upon
rotation of the valve plug.

2. The valve assembly of claim 1 wherein n is at least
4 and no greater than 8.

3. The valve assembly of claim 1 wherein n 1s 6.

4. The valve assembly of claim 1 wherein the housing
comprises an outer face.

5. The valve assembly of claim 4 wherein the outer
face comprises at least one penipheral port. |

6. The valve assembly of claim 4 wherein the outer
face comprises the common port.

7. The valve assembly of claim 1 wherein the housing
comprises a sleeve.

8. The valve assembly of claim 7 wherein the sleeve
comprises at least one peripheral port.

9. The valve assembly of claim 7 wherein the sleeve
comprises the common port.

10. The valve assembly of claim 1 wherein the hous-
ing comprises a material selected from the group con-
sisting of stainless steel and polymers which are inert to
the fluid.

11. The valve assembly of claim 1 wherein the hous-
ing comprises a polymer selected from the group con-
sisting of poly(tetrafluoroethylene) and poly(chlorotri-
fluoroethylene). |

12. The valve assembly of claim 1 wherein the plug
comprises an end face.
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13. The valve assembly of claim 12 wherein the end
face compnises the distribution channel.

14. The valve assembly of claim 12 wherein the end
face comprises at least one switching channel.

15. The valve assembly of claim 1 wherein the plug
comprises a body having a lateral face.

16. The valve assembly of claim 1§ wherein the lat-
eral face comprises the distribution channel.

17. The valve assembly of claim 15 wherein the lat-
eral face comprises at Jeast one switching channel.

18. The valve assembly of claim 1 wherein the plug
comprises a polymer which is inert to the fluid.

19. The valve assembly of claim 1 wherein the plug
comprises a polymer selected from the group consisting
of poly(tetrafluoroethylene) and po]y(chlorotnﬂuoro-
ethylene). |

20. The valve assembly of claim 1 wherein the plug 1S
circular. |

21. The valve assembly of clalm 1 wherem the plug is
conical.

22. The vale assembly of claim 1 wherein the distribu-
tion channel and switching channels are semi-circular
grooves.

23. A system for the regulation of fluid flow, compris-
ing: |
at least one terminal component;
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a vale assembly in fluid communication with the ter-

minal component, comprising:

a housing comprnising a common port and n periph-
eral ports, wherein n is an even integer at least
equal to 4; and

a valve plug positioned to rotate within the hous-
Ing, comprising:

a distribution channel capable of fluid communi-
cation with the common port and each of the
peripheral ports upon rotation of the valve
plug, and

(n/2)—1 switching channels, each switching
channel capable of simultaneous fluid commu-
nication with at least two of the peripheral
-ports upon rotation of the valve plug: and

at least one flow-through component in fluid commu-

nication with the valve assembly.

24. The system of claim 23 wherein the terminal com-
ponent 1s selected from the group consisting of fluid
pumps, needles, tubing, sorbent columns, solid phase
support reins, sample loops, and waste drains.

25. The system of claim 23 wherein the terminal com-
ponent 1s selected from the group consisting of fluid
pumps, needles, and waste drains.

26. The system of claim 23 wherein the ﬂaw-through
component is selected from the group consisting of
tubing, sorbent columns, solid phase support resins, and

sample loops.
* * * % ¥
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